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CBS

= Outline the basic levels of protein structure.

= Qutline key differences between X-ray
crystallography and NMR spectroscopy.

= |dentify relevant parameters for evaluating
the quality of protein structures.
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The first 3D-structures - DNA & protein

Protein structure evolution and function
» |nferring function from structure.
= Modifying function

Experimental techniques

= X-ray crystallography
* NMR spectroscopy

Structure validation
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CBS

James Watson and Francis Crick with their model
of the structure of the DNA molecule, 1953
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Genes are located at the chromosomes

3.000.000 bp in human genome - diploid => 6.000.000 bp
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“Could the search for ultimate truth really have
revealed so hideous and visceral-looking an
object? ” Max Perutz, 1964, on protein structure




CBS

* They provide a detailed picture of interesting
biological features: Overall structure and amino
acids involved in active site.

= They aid in rational drug design and protein
engineering.

* They can elucidate evolutionary relationships
undetectable by sequence comparisons.
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= A polypeptide chain * Hydrophobic collapse
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= Hydrophobic collapse

= Hydrophobic residues cluster to “escape”
interactions with water.

Myoglobin

Surface Interior
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CBS

Globular protein (in = Membrane protein (in
solution) membrane)

Myoglobin Aquaporin
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CBS

= Membrane protein (in

» Globular protein (in

membrane)

)

solution

Cross-section

Cross-section

Aquaporin

Myoglobin
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Primary structure = Sequence MSSVLLGHIKKLEMGHS. .

Secondary Structure = Helix,
sheets/strands, loops & turns M\]

Structural Motif = Small,
recurrent arrangement of
secondary structure, e.g.

= Helix-loop-helix

= Beta hairpins

» EF hand (calcium binding motif)

= Etc.

Tertiary structure = Arrangement
of Secondary structure elements
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= Assembly of several " Myoglobin
polypeptide chains into
a protein complex.

= Hemoglobin is
functionally a tetramer
composed of two = Hemoglobin
different chains a and
B. It is therefore a
hetero-tetramer.
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Alighed peptide
units - Dipolar
moment

lon/ligand binding

Secondary and
quaternary
structure packing

Capping residues

The a helix (i—i
+4)

Other helix types!
(310, )
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* Multiple strands -

sheet

= Parallel vs. antiparallel

= Twist

Thioredoxin
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* Multiple strands -

sheet

= Parallel vs. antiparallel

= Twist
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* Multiple strands -

sheet

= Parallel vs. antiparallel

= Twist
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* Multiple strands -

sheet

= Parallel vs. antiparallel

= Twist
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* Multiple strands -

sheet

= Parallel vs. antiparallel

= Twist

= Strand interactions
are non-local

Antiparallel
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= Connecting
secondary

structure
elements

= Often at the surface
= More flexible than

SS

(SS)
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The peptide bond
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* A polypeptide chain




» Allowed backbone torsion angles in proteins
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The Ramachandran Plot.
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(© 0.8, Scaart, 1995
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Psi (degrees)
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X-ray structure — good NMR structure — low quality
data. data...
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The Amino Acids

LYSIS CBS

Basic side chains

NH Histidine
HN o
o
Arginine NH,
Aromatic side chains Hydroxyl or sulfur-containing
side chains
' /\HL Cyclic side chain
Methionine
Phenylalamne Serine NH, -
Tryptophan o
? I N Proline
mo. PSS sl
O RH, NH NH,
Tyrosine Threonine Cysteine

http://www.ch.cam.ac.uk/magnus/molecules/amino/
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Grouping Amino Acids
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Hydroxylic

Tiny

-~ (Basic)

Charged sor

http://www.dreamingintechnicolor.com/InfoAndldeas/AminoAcids.gif

Amino Acids

A alanine (ala)

R arginine (arg)

N asparagine (asn)
D aspartic acid (asp)
C cysteine (cys)

Q glutamine (gin)

E glutamic acid (glu)
G glycine (gly)

H histidine (his)

| isoleucine (ile)

L leucine (leu)

K lysine (lys)

M metioneine (met)
F phenyalanine (phe)
P proline (pro)

S serine (ser)

T threonine (thr)

W trytophan (trp)

Y tyrosine (tyr)
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= Based on
Blosum62
matrix

* Measure of
evolutionary
substitution
probability
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* The structure of a protein is uniquely determined

by its amino acid sequence
(but sequence is sometimes not enough):
" prions
= pH, ions, cofactors, chaperones

= |n evolution structure is conserved much longer
than both function and sequence.

» Structure > Function > Sequence
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= Divergent evolution
Common ancestor
New function

= Convergent evolution
Different ancestor
Same function

Convergent
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= Trypsin

= positive

= Chymotrypsin
= large hydrophobic

= Divergent evolution
= Same fold
= Different specificities
» Small changes in binding

pocket
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= Trypsin

= Subtilisin

CENTERFO
RBIOLOGI
CALSEQU
ENCEANA
LYSIS CBS



Protein engineering
= Qverpacking

= Buried polar groups
= Cavities

Im, Ryu & Yu (2004), Engineering thermostability
in serine protease inhibitors, PEDS, 17, 325-331.

= Drug design
» Target specificity/select
*= Function
= Mutations
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ivity

COX-1/COX-2
»Arthritis

»Designed to prevent
drug side effects

http://publications.nigms.nih.gov/
structlife/chapter4.html

HIV protease

High-throughput

lead discovery in
design, Nature
Reviews Drug
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Blundell et al. (2002),

crystallography for

drug

Discovery 1, 45-54.
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http://www.biosustain.dtu.dk/

Technical University of Denmark DTU

The Novo Nordisk Foundation
Center for Biosustainability

The Novo Nordisk Foundation Center for Biosustainability is an international research
center at the Technical University of Denmark. The Center aims at transforming current
chemical production to a more sustainable, biobased industry and is funded by a grant from
Novo Nordisk Foundation.

The Center conducts research in metabolic engineering and synthetic biology to facilitate the
emergence of the next generation of microbial production strains through development and
application of new cutting edge technologies.

Two key objectives are

® identifying the spectrum of chemistry that can be produced biologically
® shortening the time of production strain development through intelligent design of cell

factories.
Impact on society by innovation has a high priority and the Center collaborates worldwide with Contact: . .
biotech companies and chemical industry to facilitate the dissemination and exploitation of its The Novo qud‘Sk FF"’"‘_"?’"""
results. Center for Biosustainability
Sdon-DTU
I Fremtidsvej 3
3] l’/\\ DK-2970 Horshoim
,’ Es @ P ORG e Reception: +45 4525 8000
- r~ GCAATCGATGAGA R’/‘(\'.‘/}'i‘-.f biosustain@biosustain.dtu.dk
ettt Google maps

Vacant Positions The Novo Nordisk Fc

View all vacant positions at The Novo Nordisk Foundation Center
for Biosustainability and apply online.
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CBS

Crystallography
&
NMR spectroscopy
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X-ray crystallography
Nuclear Magnetic Resonance (NMR)
Modelling techniques

More exotic technigques
= Cryo electron microscopy (Cryo EM)

» Small angle X-ray scattering (SAXS)
= Neutron scattering
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No size limitation. = | attice and unit cell

Protein molecules are
"stuck” in a crystal
lattice.

Some proteins seem to
be uncrystallizable.

Slow.

Unit Cell

Especially suited for
studying structural
details.
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X-rays

Fourier transform
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CBS

low

2 A

A high
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Resolution
R values

= Agreement between data and model.
= Usually between 0.15 and 0.25, should not

exceed 0.30.
* R+0.05>R;,>R. 9 |
Ramachandran plot ™

B factors

= Contributions from static and dynamic disorder

= Well determined ~10-20 A2, intermediate ~20-30 A2,
flexible 30-50 A2, invisible >60 AZ2.
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CBS

= NMRis
* nuclear magnetic resonance
= done on proteins IN SOLUTION
» especially suited for studies of protein dynamics and folding

= slow!

= Only certain atoms can be detected: 'H, 3C, >N

= Proteins must be

= below 50 kDa
= stable at high concentration (0.5-1mM) @ room temperature
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NMR Spectroscopy
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= Atomic backbone RMSD:  RMSD = El(Y_<x>)

Well-defined structures
RMSDs < 0.6 A

1T1H, Andersen et al. JBC, 2004

n

Less well-defined structures
RMSDs > 0.6 A

3GF1, Cooke et al. Biochemistry, 1991
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What regions in the structure are most well-defined?

Look at the pdb
ensembles to see
which regions are
well-defined

1RJH
Nielbo et al, Biochemistry, 2003
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Proteins consist of amino
acids.

Polypeptide chains fold
iInto specific 3D structures.

Function is performed by
the folded protein.

Proteins are dynamic and
only marginally stable.
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Primary protein structure
is sequence of a chain of
amino acids.

Pleated sheet Alpha helix

Secondary protein structure
occurs when the sequence of
aminoacids are linked by hydrogen

A
‘ bonds.

2

7,
(’: Pleated sheet
\

&
2

’
4&
2%

'~ Tertiary protein structure
S occurs when certain attractions
s’ are present between alpha helices
“/“Alpha helix ~ and pleated sheets.
%%

-
!

Quaternary protein structure
is a protein consisting of more
than one amino acid chain.

Image adapted from: National Human Genome Research Institute.
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* |n evolution structure is conserved longer
than both function and sequence.

= X-ray crystallography

Proteins of any size .
Proteins in crystal .
Complete data/total .
map of structure .
Many details — one

model .

Resolution, R-values,
Ramachandran plot
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= NMR spectroscopy

Proteins below 50 kDa
Proteins in solution
Incomplete data

Fewer details — many
models

Restraint violations,
RMSD, Ramachandran
plot
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PDB
The Protein Structure
Database
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http://www.rcsb.org/

Contents

File structure
» Types of structures

Structure reports &
summaries

Quality check
Searching
Molecule of the Month
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I@ RCSB Protein Data Bank - Windows Internet Explorer

[MEX]

e RCSE Protein Data Bank

.resb.org/pdb/home home.do

42|

o

2 - B - # v =hrage v G Tooks +

PROTEIN DATA BANK

ONTA

US | HELP | PRINT PAGH
‘ Nomel Search

® Home

W Getting Started

P Download Files

P Deposit and validate

P Structural Genomics

P Dictionaries & File Formats

P Software Tools

» General Education

} site Tutorials

® BioSync

P General Information

B Acknowledgements

B Frequently Asked Questions
X report Bugs/Comments

Cuick ‘Ti/).v PRERER ¢

Click here to see
structures released this

An Information Portal to Biological Macromolecular Structures
As of Tuesday Feb 12, 2008 there are 48891 Structures @ | PDB Statistics @

Are you missing data updates? The PDB archive has moved to ftp://ftp.wwpdb.org.

For more information click here.
Welcome to the RCSB PDB

The RCSB PDB provides a variety of tools and resources for studying the
structures of biological macromolecules and their relationships to sequence,
function, and disease.

The RCSB is a member of the wwPDB whose mission is to ensure that the PDB
archive remains an international resource with uniform data.

This site offers tools for browsing, searching, and reporting that utilize the data
resulting from ongoing efforts to create a more consistent and comprehensive
archive.

Information about compatible browsers can be found here.

A narrated tutorial & illustrates how to search, navigate, browse, generate
reports and visualize structures using this new site. [This & M.

h medis Flash

Comments? info@rcsb.org

Molecule of the Month: Small Interfering RNA (SiRNA)

Double-stranded RNA is often a sign of trouble.
Our transfer RNA and ribosomes de contain
little hairpins that are double-stranded, but

in

b nf tha fraa fnrme nf ONA_meccannar DNA

SICREEUNY| @ | Advanced Search

[~

A memeer or e SIPDB

[T
®m Complete News
u Newsletter
® Discussion Forum
= Job Listings
12-February-2008
EmDep2: Deposit EM

Maps at the MSD-EBI or
RCSB PDB

Electron microscopy map
data can now be
deposited to the EMDB
using the improved web-
based tool EmDep2.

m Full article

04-December-2007
Announcement:
Experimental Data Will
Be Required for
Depositions Starting
February 1, 2008

€D internet ®100% -
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Holdings of the Protein Data
Bank (PDB):

Sep. 2001 May 2006  Nov. 2010

X-ray 13116 30860 60342
NMR 2451 5368 8666
Other 338 200 502
Total 15905 36428 69510

The PDB also contains
nucleotide and nucleotide
analogue structures.
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COLUMNS DATA TYPE FIELD DEFINITION

1 - 6 Record name "ATOM"

7 - 11 Integer serial Atom serial number.

13 - 16 Atom name Atom name.

17 Character altLoc Alternate location indicator.

18 — 20 Residue name resName Residue name.

22 Character chainid Chain identifier.

23 — 26 Integer resSeq Residue sequence number.

277 AChar iCode Code for insertion of residues.

31 - 38 Real(8.3) X Orthogonal coordinates for X in Angstroms
39 - 46 Real (8.3) % Orthogonal coordinates for Y in Angstroms
47 — 54 Real (8.3) z Orthogonal coordinates for Z in Angstroms
55 — 60 Real(6.2) occupancy Occupancy.

61 — 66 Real (6.2) tempFactor Temperature factor.

77 — 78 LString(2) element Element symbol, right-justified.

79 — 80 LString(2) charge Charge on the atom.
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"Fold space
coverage”

Complete genomes

» Disease-causing
organisms

= Model organisms

Membrane proteins

Protein-ligand
iInteractions
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Hou et al., PNAS 2003, 100: 2386-2390
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Protein Folds in PDB
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Protein Structure and
Visualisation

Introduction to PyMOL
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